Aims. We analyze 19 bright variable X-ray sources detected in the XMM-Newton Extended Survey of the Taurus Molecular Cloud (XEST), in order to characterize the variations with time of their coronal properties and to derive informations on the X-ray emitting structures. Methods. We performed time-resolved spectroscopy of the EPIC PN and MOS spectra of the XEST sources, using a model with one or two thermal components, and we used the time evolution of the temperatures and emission measures during the decay phase of flares to derive the size of the flaring loops. 
Introduction
Young pre-main sequence (PMS) stars are well known to exhibit strong X-ray emission at levels orders of magnitude higher than generally observed in older active stars (Feigelson & Montmerle 1999; Güdel 2004) . Furthermore, X-ray time variability is almost always detected in PMS stars, very often in the form of flares, with a shape similar to solar flares, or of slow modulation due e.g. to rotation (Feigelson & Montmerle 1999; Wolk et al. 2005; Flaccomio et al. 2005) . On the Sun, the X-ray time variability is due to flare activity on timescales of a few hours, to the appeareance of new active regions combined with the surface rotation (timescales of a few weeks) and to the 11-yr solar activity cycle. The flare activity observed in PMS stars suggests that a scaled version of the solar corona should be present in these objects. The plasma magnetically confined in loop-like structures would be heated by mechanisms similar to those present in the solar corona, and would release the energy in the form of flares. However, observations show that Classical T Tauri stars (CTTS), characterized by accretion from the circumstellar disk, are statistically X-ray under-luminous with respect to Weak-lined T Tauri stars (WTTS), where disks are absent or weak (Stelzer & Neuhäuser 2001; Flaccomio et al. 2003 Preibisch et al. 2005; Franciosini et al. 2006; Telleschi et al. 2006b ). Moreover, high-resolution spectroscopy of the CTTS TW Hya (Kastner et al. 2002; Stelzer & Schmitt 2004 ) and BP Tau (Schmitt et al. 2005) indicate the presence of very high densities (n e > ∼ 10 12 cm −3 ) and a dominant cool plasma component at 3 MK in TW Hya, that have been attributed to emission from plasma heated by an accretion shock. Enhanced Xray emission and/or significant spectral variations have been observed during accretion outbursts in V1647 Ori and V1118 Ori (Kastner et al. 2004 (Kastner et al. , 2006 Grosso et al. 2004; Audard et al. 2005) . These results suggest that accretion may play a role in the X-ray emission process, either by influencing the magnetic structure, or by providing an alternative X-ray production mechanism.
The study of the time variability of the X-ray emission from PMS stars allows us to gain insights into the structure and the heating mechanisms of stellar coronae. In particular, the analysis of flares constitutes a diagnostic tool to infer the size of the Xray emitting structures. Recently, Favata et al. (2005) studied a sample of intense flares observed in the Orion Nebula Cluster as part of the Chandra Orion Ultradeep Project (COUP), finding that flares on PMS stars occur both in small loops, of size less than a stellar radius, similar to older active stars, and in large loops, up to 10 − 20 R ⋆ , likely connecting the stellar surface and the circumstellar disk.
In this paper we study the X-ray properties of a sample of PMS stars of the Taurus Molecular Cloud (TMC) showing sig-nificant time variability. The TMC is one of the nearest regions of star formation (d = 140 pc), containing ∼ 340 known members in an area ∼ 100 square degrees large, and is characterized by a low stellar density (1 -10 pc −3 ), by the lack of massive stars and by a significant fraction of binary or multiple systems. Star formation appears to have occurred in several epochs during the last 10 Myr.
Our work complements the study by Stelzer et al. (2006a) , who analyze the X-ray time variability of TMC sources from a statistical point of view, and derive the frequency and energy distribution of flaring events. In our paper we concentrate on the time-dependent spectral analysis of the brightest sources, showing both flares and other kinds of variability, in order to investigate the changes of the plasma parameters and to derive information on the X-ray emitting structures.
The paper is organized as follows. In Sect. 2 we describe the target selection and the data analysis. In Sect. 3 we present the results obtained for TMC members, whereas in Sect. 4 we present the variability of three sources not related to the TMC. Discussion and conclusions are given in Sect. 5.
Source selection and analysis

Observations
Our study is based on the data obtained from the XMM-Newton Extended Survey of the Taurus Molecular Cloud (XEST), a wide X-ray survey performed with the XMM-Newton satellite aimed at studying the properties of young PMS stars in the TMC ). The survey consists of 19 fields of ∼ 33 ks exposure each, covering the densest regions of the cloud, plus 9 archival exposures lasting up to ∼ 130 ks; the total area covered by the survey is about 5 square degrees.
A detailed description of the survey, including details on the primary reduction of the raw EPIC MOS and PN datasets, on the source detection procedure and on the definition of the extraction regions for the source and background light curves and spectra is reported in Güdel et al. (2006a) .
The work presented here uses data from all XEST fields except for XEST-01 and XEST-25 that are dedicated to separate projects (Güdel et al. 2006b, Grosso et al., in preparation) . We also excluded the classical T Tauri star SU Aur (source XEST-26-067) that is discussed in detail in a separate paper (Franciosini et al. 2007 ). We also note that two of the fields, namely XEST-23 and XEST-24, correspond to two consecutive observations with the same pointing position, with a duration of ∼ 70 and 40 ks, respectively, separated by ∼ 5 ks. Sources detected in both exposures have been treated as a single source in the following analysis, with the two exposures added together.
Analysis of light curves and sample selection
To select the sample of sources for this study, we first extracted, for all detected X-ray sources, the PN and MOS source and background photons in the energy band 0.3 -7.3 keV, using the extraction regions defined by Güdel et al. (2006a) . In order to have a continuous time coverage for each observation, without gaps in the light curves, we chose not to filter out the periods of high background count rate due to proton flares. We then limited our analysis to sources with at least 1500 net counts in the PN exposures (or in the MOS exposures in the cases where the PN was not available), in order to have sufficiently high count statistics for good time-resolved spectral analysis. This selection necessarily biases our study towards the X-ray brightest and likely most active sources.
For these sources, we extracted the PN (or MOS) light curves, and applied to them the Maximum Likelihood Blocks (MLB) method described by Stelzer et al. (2006a) , in order to identify variable sources and to define the intervals to be used for time-dependent spectroscopy. The MLB algorithm divides the full exposure into time intervals (blocks) where the source is assumed to be constant; the boundaries of the time blocks are chosen such that between two consecutive blocks the mean count rate changes by more than a given significance threshold. The significance threshold for the change points, at the 99% level, was determined through simulations of constant rate light curves (Flaccomio et al., in preparation) . We set a minimum number of 750 net source photons for each block, in order to have enough counts in each spectrum to perform a reliable spectral analysis. We note that this choice does not allow us to examine rapid variations, small-amplitude flaring events and low-level variability.
The variability of the background in many XEST fields was significant and was taken into account using the following procedure: the MLB algorithm was used to split the background light curve into blocks of constant count rate level; for each of these blocks, the background level was scaled to the source extraction area to yield the number of expected background photons in the source area for the given time interval. The resulting number of photons is then removed from the source event file uniformly across each background block. The result is a "sourceonly" event file, i.e. a background-subtracted photon time series for the source.
Using the MLB results, we restricted our sample by considering only those sources whose light curves showed significant variability, i.e. those that have been divided by the algorithm in at least two blocks with mean count rates differing by more than 3σ. This selection process led to a sample of 16 variable X-ray sources associated with known PMS members of the TMC, plus additional three sources not related to the region or that are not confirmed members of the TMC. The weakest source in the final sample is JH 108, with ∼ 2500 net PN counts. The main properties of the selected sources are given in Table 1 . The three nonmembers will be discussed separately in Sect. 4.
The 16 TMC members are mostly late-K and early-M stars; five of them are classified as CTTS, ten as WTTS, and one is a Herbig Ae star. Six of these sources (including the Herbig Ae star) are binary or multiple systems unresolved in X-rays with XMM-Newton.
Time-resolved spectroscopy
We have performed a time-dependent spectral analysis of the selected sources, in order to study the changes with time of the plasma characteristics, i.e. temperature and emission measure (EM), that give us information on the origin of the emission, and to derive, in the case of flares, information on the size of the flaring region from flare modeling.
PN and MOS spectra for each source and each time block have been extracted from the source and background event files. For the response matrices, we used the appropriate canned response matrix files for PN and MOS, and the ancillary response files produced for each individual source (see Güdel et al. 2006a , for details). The PN and MOS spectra have been rebinned in order to have at least 15 counts per bin, and have been jointly fitted in XSPEC v.11.3.2, using a thermal VAPEC model with one or two temperature components, plus a common photoelectric absorption component. The hydrogen column density N H was left Table 1 . Properties of the sample of XEST variable sources analyzed in this paper. Stellar parameters are taken from Güdel et al. (2006a) . In the last column we give a classification of the observed variability. as a free parameter, except in a few cases where it was not constrained by the fit, and it was therefore fixed to a value derived for other blocks of the same source. Abundances were kept fixed, with their values following a pattern derived from estimates of coronal abundances of X-ray active young stars 1 (Scelsi et al. 2005; Telleschi et al. 2005; Argiroffi et al. 2004 ). The best-fit results are reported in Table 2 ; errors are 90% confidence intervals for one interesting parameter.
Figs. 1-9 show the light curves and spectral parameters derived for TMC sources; the results for TMC non-members are shown in Figs. 10-11. For each source, we plot in the top panel the PN (or MOS) background-subtracted light curve and the background light curve, while in the other panels we show the evolution of the best-fit temperatures and EMs and of the hydrogen column density. The time intervals derived from the MLB method and used for the analysis are indicated by dotted vertical lines. In Figs. 2, 3, 5 and 11 we also show, in the right panels, the evolution of the plasma temperature and emission measure used for flare analysis.
Flare modeling
Flare light curves contain information on heating and cooling parameters and indirectly on the density and geometry of the flaring sources. As stellar flare observations are not spatially resolved, various techniques have been developed to use the light curves and measurable quantities such as the emission measure or the electron temperature to deduce flare source parameters (see review by Güdel 2004) . Each of these methods introduces simplifications and makes various assumptions on the heating and cooling processes, often adopted by analogy with solar flares. A particularly straightforward physical model has been developed by Reale et al. (1997) , that derives the heating fraction and the magnetic loop length from hydrodynamic con- siderations, using only the run of flare temperature and emission measure. Its advantage is its simple application to stellar observations; it has also been tested on moderate single-loop solar flares. It is, on the other hand, not applicable to flares occurring in magnetic arcades as in gradual solar flares, where a large number of magnetic structures is ignited and cooling in sequence. Then, both the rise and the decay time are essentially determined by the history of the heating energy release rather than by cooling physics (e.g. Pneuman 1982; Kopp & Poletto 1984) . Comparative studies have been presented in Güdel et al. (2004) and Reale et al. (2004) for an exceptionally strong flare on the nearby active star Proxima Centauri. We are not in a position to characterize flares on T Tau stars here. We henceforth will adopt the model of Reale et al. (1997) to discuss possible systematics in our results.
In the case of a single flaring loop decaying freely after an initial impulsive heating, Serio et al. (1991) showed that the loop semi-length L is related to the thermodynamic decay time τ th by the relation:
where T max is the maximum temperature of the flaring plasma. However, if significant heating is present also during the decay phase, the flare decay time will be longer than τ th , and the above equation would lead to an overstimate of the loop length. Using hydrodynamical simulations of flaring loops taking into account the presence of prolonged heating, Reale et al. (1997) showed that the slope ζ of the flare decay path in a diagram of log T vs log n e (or equivalently log √ EM) is a diagnostic of the presence of residual heating during the flare decay. The loop semilength L can then be derived from ζ and the observed flare decay timescale τ lc using the following relation:
where F(ζ) is the ratio between the observed and thermodynamic decay times, which depends on the amount of residual heating. T max , as in Eq.
(1), is the maximum temperature in the flaring loop, that can be derived from the flare peak temperature T obs obtained from the spectral fits. The expression of F(ζ) and the relationship between T max and T obs depend on the instrumental response. In the case of EPIC PN we have (Giardino et al. 2006) :
and
The expression of F(ζ) is valid only for 0.35 < ζ ≤ 1.6, where the lower limit corresponds to the case where the heating timescale is comparable to the flare decay timescale, while the upper limit corresponds to a freely-decaying loop with no residual heating after the impulsive energy release. The above formulae are calibrated on the EPIC PN response, however they give a correct order of magnitude estimate of the loop length also in the case of MOS, given the similarity of the instrumental responses and the wide spectral band used. We have therefore applied them also to the analysis of the flare of HBC 427, for which PN is not available.
Sources associated with TMC members
We have divided the sources associated with TMC members into three classes according to the type of variability observed in their light curves: (i) sources showing evident flares, either with a "classical" shape, with fast rise and slower decay, or with a gradual rise and/or a symmetrical shape; (ii) sources with slow prolonged decay or rise of the count rate; and (iii) sources with slow modulation or complex variability that could be due to superimposed flaring events.
Flares
Seven of the TMC sources show evident flares in their light curve. Four of them (V410 X7, V819 Tau, HBC 427 and BP Tau) show the typical flare behaviour, characterized by a rapid increase of the count rate and of the plasma temperature, followed by a slower decay. Their light curves and the time evolution of the plasma parameters are shown in Figs The light curve of V410 X7 (XEST-23-050/24-042, M0.75, WTTS) shows two flares that occurred after an initial quiescent period lasting for ∼ 65 ks. Unfortunately, the XEST-23 exposure stopped just after the start of the rise phase of the first flare, while at the beginning of the XEST-24 exposure the flare was already decaying; therefore the flare peak was not observed. The flare is very strong, with an increase of the count rate by more than an order of magnitude. The decay phase is initially rapid, with an e-folding timescale of ∼ 2.1 ks; then a slower decay is ob- served, after a small bump occurring about 5 ks after the start of the XEST-24 exposure. A second smaller flare, with a decay efolding time of ∼ 20 ks, is superimposed on the late decay phase. As mentioned in Sect. 2.2, our choice of the block size does not allow us to derive the plasma characteristics of this second flare separately from the decay of the first one.
The quiescent emission has temperatures of ∼ 9 and 24 MK with similar EMs. The first flare reached a temperature > 60 MK at the peak, as estimated from the best-fit temperature of block #2 where the flare is already decaying. Taking this value as peak temperature and the decay time of 2.1 ks, and applying to this flare the formula for a freely-decaying loop (Eq. (1)), we can put a lower limit on the loop semi-length of L ≥ 5 × 10 10 cm, corresponding to ∼ 0.4 R ⋆ .
V819 Tau (XEST-23-074/24-061)
V819 Tau (XEST-23-074/24-061) is a binary WTTS with spectral type K7. It showed a small impulsive flare at the end of the XEST-23 exposure, with a factor of 2 increase in the count rate, whose decay continues in the XEST-24 observation. The decay phase has an e-folding time of ∼ 10 ks. The flare is not very hot, with T 2 = 20 MK in block #2, not much higher than the quiescent value of ∼ 15 MK, although the true peak temperature is likely hotter since this time interval includes also a significant part of the decay phase. We also note that the cool component remained constant, within the errors, for the whole observation. We can obtain a rough estimate of the loop semi-length using the temperatures and EMs of the hot component in blocks #2 and #3, from which we derive ζ ∼ 0.9 and L ∼ 7 × 10 10 cm, corresponding to 0.5 R ⋆ .
HBC 427 (XEST-26-072)
During the XMM-Newton observation, the K7 WTTS HBC 427 (XEST-26-072) underwent a strong long-duration flare that covered nearly the entire exposure time of ∼ 130 ks. After a short initial quiescent phase, the count rate increased by a factor of 5 in ∼ 6 ks, then it decreased slowly, returning to a level similar to the preflare one after ∼ 70 ks. The decay e-folding time is 20.2 ± 1.0 ks. The time evolution of the plasma parameters follows the typical behaviour observed in flares, with the temperature peaking during the rise phase and the emission measure peaking at the flare peak. The quiescent emission has temperatures of ∼ 8 and 25 MK with equal EMs. While the temperature and EM of the coolest component does not change significantly during the flare, the hot component reaches a temperature as high as ∼ 72 MK; therefore, for the flare analysis we will assume that the flaring plasma is described by the hot component.
In the right panel of Fig. 2 we show the evolution of the flare in the T vs √ EM plane. The maximum loop temperature, derived from Eq. (3), is ∼ 168 MK. From the linear fitting of the points from block #3 to block #7 we find a slope ζ = 0.67 ± 0.09. This value indicates the presence of significant residual heating after the initial ignition. Combining the observed decay time with the above value of ζ, from Eq. (2) we derive L = 2.4 ± 0.4 × 10 11 cm, i.e. ∼ 2 stellar radii.
From the EM of the hot component in block #2 we can estimate the mean electron density in the loop at the peak of the flare, assuming a loop with typical aspect ratio R loop /L = 0.1, as commonly observed in solar flares: we find n e ∼ 2 × 10 10 cm −3 , consistent with the values found for the COUP flares with similar loop size . Fig. 2 for details. For the sake of clarity, we plot only the points from #2 to #9. The slope has been fitted between points #4 and #8.
BP Tau (XEST-28-100)
BP Tau (XEST-28-100) is a K7 CTTS. Its light curve shows a flare beginning ∼ 15 ks after the start of the observation, with an increase of the count rate by a factor of ∼ 2.5 in ∼ 5 ks and a total duration of ∼ 35 ks. The e-folding decay time is 10.4 ± 0.7 ks. After the flare the X-ray emission shows low-level variability until the end of the observation. As for HBC 427, BP Tau shows the typical flare behaviour of the plasma parameters, with the temperature peaking in the rise phase before the EM. The quiescent emission before the flare has temperatures of ∼ 4 and 18 MK with EM 2 /EM 1 = 1.5; the temperature of the cooler component increases to ∼ 9 MK during the flare, while the hotter component reaches ∼ 50 MK. Both EMs increase significantly during the flare.
The right panel of Fig. 3 shows the evolution of the flare temperature and EM. From Eq. (3), we derive a maximum loop temperature of ∼ 100 MK. The slope between points #4 and #8 is ζ = 0.83 ± 0.13, indicating that residual heating is present during the decay. Using Eq. (2) we derive L = 1.2 ± 0.1 × 10 11 cm, comparable to the stellar radius. The estimated density at the flare peak is n e ∼ 3 × 10 10 cm −3 , similar to the value found for HBC 427.
JH 108 (XEST-17-066)
JH 108 (XEST-17-066, WTTS, spectral type M1) shows a symmetrical flare, with a gradual increase of the count rate by a factor of ∼ 4 in ∼ 8 ks, followed by a decay with similar duration; the decay e-folding time is 3.3 ks. This source has quiescent temperatures of 8 and 30 MK and EM ratio of ∼ 1.5. As before, the cool component remains nearly constant, while for the hotter component the temperature is higher during the rise phase, reaching 45 MK, and the EM peaks in the second time block, corresponding to the peak and decay phases. A rough estimate using Eq. (1) gives L < ∼ 6 × 10 10 cm, i.e. ∼ 0.7 R ⋆ .
3.1.6. V892 Tau (XEST-23-047/24-040) V892 Tau = Elias 1 (XEST-23-047/24-040) is a triple system composed of a Herbig Ae star, a low-mass companion of spectral type ∼ M2 at 4.1 ′′ (Elias 1 NE, Leinert et al. 1997 ) and a recently-discovered close companion at 0.05 ′′ with a mass of 1.5 − 2 M ⊙ (Smith et al. 2005) .
For the first 95 ks of the observation this source showed lowlevel variability, with temperatures in the range T 1 = 5 − 10 MK and T 2 = 20 − 35 MK. Then the source underwent a strong flare, with a gradual rise lasting for ∼ 7 ks and ending in a plateau, at a level a factor of ∼ 10 higher than the pre-flare count rate, where the emission remained nearly constant for at least 10 ks, until the end of the observation. For the spectral analysis during the flare, the parameters of the cool component were kept fixed since they were not constrained, and the flare evolution was entirely dominated by the hot component. The plasma heating is strong in the first block of the rising phase, where the temperature increases from ∼ 25 to ∼ 65 MK; then the temperature stays at a nearly constant level, within the errors, around ∼ 95 -100 MK in the following three blocks, and starts to decrease only when the count rate reaches the plateu in the last time block. The emission measure on the other hand continues to increase reaching its maximum in the last block. The observed detailed evolution of the temperature and EM is a clear example of the flare heating process, in which, following the energy release, accelerated electrons precipitating into the chromosphere rapidly heat the plasma, and produce an evaporation of material which gradually fills the loop increasing the emission measure. The long rise time suggests that a large coronal structure is involved in the flare. This flare has been studied previously by Giardino et al. (2004) , who modeled the rise phase using detailed hydrodynamical simulations, finding a loop size of the order of 1 × 10 11 cm, equal to ∼ 0.5 R ⋆ , and that a magnetic field in excess of 500 G is required to confine the flaring plasma. Based on the position of the X-ray source and on the comparison with a Chandra observation where the primary and Elias 1 NE are resolved, Giardino et al. (2004) concluded that the flare occurred in the corona of the Herbig Ae star, which would imply the existence of a convective zone in the outer layers of the star, generally not expected in stars of this spectral type. However, the discovery of a lower-mass close companion suggests that the observed X-ray emission and the flare more likely originate from it rather than the Herbig star itself. This is supported by the high temperatures (20 -30 MK) observed in this source and in other Herbig Ae/Be stars (Stelzer et al. 2006b ), similar to those commonly found for later-type PMS stars but significantly higher than those (∼ 5 − 6 MK) found in the Herbig stars HD 163296 and AB Aur (Swartz et al. 2005; Telleschi et al. 2006a ).
3.1.7. V410 Tau (XEST-23-032/24-028)
The WTTS triple system V410 Tau (XEST-23-032/24-028) shows a very peculiar light curve with a nearly symmetrical triangular shape. The count rate rises gradually during the first 55 ks of observation until block #8, where it reaches a peak a factor of ∼ 3 higher than at the start of the observation. Then the emission decays until the last block; a second, weaker flare is superimposed on the decay ∼ 9 ks before the end of the observation. Assuming that the first 18 ks of the observation represent the quiescent level, we find that the rising phase has an e-folding time of ∼ 20 ± 1 ks. After the peak the emission decays initially with an e-folding time of 8.1 ± 0.4 ks until the end of the XEST-23 exposure; at the beginning of the XEST-24 exposure the emission stays at a steady level for 23 ks (block #13), then the decay restarts, and continues until the end of the observation, interrupted only by the small flare.
During the observation, the temperature of the cool component does not vary significantly, and the flare evolution is determined by the variations of T 2 and of the EMs. In the rise phase the hot temperature initially increases from 20 to 30 MK, reaching a maximum in block #4, then decreases again in the following two time intervals; a sudden increase to ∼ 45 MK occurs in block #7, just before the peak. The EMs of both plasma components increase during the entire rise phase, reaching their maximum at the flare peak, as commonly observed in solar and stellar flares. After the peak the temperature and the EMs decrease returning to the quiescent value. A new temperature increase is observed in block #15, corresponding to the second small flare. The long rise time, combined with the slow change of the plasma temperature during the rise phase, might indicate that we are observing a rotationally modulated flare, or the superposition of a flaring event and an underlying modulated emission.
We also note that the best-fit colum density increases by a factor of 4 during the flare, following a trend similar to that of the EMs. However, we found equally acceptable fits, although with slightly higher values (by at most 10%) of the reduced χ 2 , by keeping N H fixed to 1 × 10 20 cm −2 , as found in the first time intervals, without significant changes in the time evolution of the other parameters. Since this star is a WTTS, which is not expected to possess circumstellar material that could justify changes in the intervening absorption, and that such low values of N H are at the sensitivity limit of EPIC, we are not confident on the significance of the observed column density variations.
The right panel of Fig. 5 shows the evolution of the temperature and EM of the hot component during the flare. The slope during the decay, between blocks #8 and #14, is ζ = 0.47 ± 0.12, Fig. 1 . Right: Evolution of the best-fit temperature and EM of the hot component. See Fig. 2 for details. For the sake of clarity, we plot only the points from #7 to #15. The slope has been fitted between points #8 and #14.
indicating that the decay of the flaring structure is largely determined by the heating decay timescale. In this case the loop size is poorly constrained, given the large uncertainty on ζ: we obtain in fact L ∼ 4 ± 3 × 10 10 cm, or 0.1 − 0.4 R ⋆ .
Very long decays or increases of the count rate
A group of six sources in our sample showed a monotonic decrease or increase of the count rate over the entire observation. One of them, XZ Tau, has a rising light curve, while for the other five sources (V830 Tau, HQ Tau, FS Tau, DH Tau and L1551 51) a long-lasting decline of the count rate was observed. The light curves and best-fit parameters of this group of sources are shown in Figs. 6 and 7.
XZ Tau (XEST-22-047)
XZ Tau (XEST-22-047) is a binary star composed of two CTTS of spectral type M2 and M3.5. This source shows a long monotonic rise of the count rate by a factor of ∼ 4 in ∼ 40 ks. An analysis of this observation has been reported by and Giardino et al. (2006) . The quiescent emission at the beginning of the observation is rather hot, with temperatures of 8 and 40 MK and EM 2 /EM 1 ∼ 0.7. The cool component does not vary significantly, except for an increase of the EM in the last block. The hotter temperature peaks at ∼ 70 MK in blocks #2 and 3, although the increase is not much significant due to the large errors, while the EM continues to increase as the count rate increases up to the last block. Our results are in agreement with those reported by Giardino et al. (2006) . We note that the trend of T 2 and EM 2 resembles that observed during the first part of the rising phase of V410 Tau, suggesting that we are observing a similar event.
V830 Tau (XEST-04-016)
V830 Tau (XEST-04-016, WTTS, spectral type K7) shows a long-lasting decay by a factor of 3 in ∼ 30 ks. The two temperatures remain nearly constant, within the errors, around ∼ 7 and 20 MK during the entire decay (apart from a possible increase in block #3), and the observed decrease of the count rate is due only to the decrease of the two EMs with time. We note that also the average plasma temperature (weighted with the EMs) does not vary during the decay. It is possible that we are observing the final stage of a long-lasting flare, when the temperature has already returned to the pre-flare level while the EM is still changing. An alternative explanation might be rotational modulation: the relative amplitude of the count rate variation around the average count rate is ∼ 60%, compatible with the range of 20 -70% found in the Orion Nebula Cluster . However, given the high amplitude of the variation, and the fact that the 30 ks exposure covers only one tenth of the star's rotational period (P rot = 2.75 d, see Table 10 in Güdel et al. 2006a ), we believe that this interpretation is unlikely, although we cannot draw definitive conclusions from the available data.
HQ Tau (XEST-09-026)
HQ Tau (XEST-09-026) is a close binary WTTS. Its light curve shows a long-lasting decay, with a decrease of the count rate by a factor of 2 in 30 ks. The spectral analysis shows a significant decrease of the hotter temperature, from 34 to 20 MK, and of both EMs, while the temperature of the cool component remains constant. This behaviour suggests that we are observing the end of the decay of a long-duration flare. The e-folding timescale of the observed decay is ∼ 45 ks. From the decay of the temperature and EM of the hottest component we find a high slope ζ ∼ 2, compatible with a freely-decaying loop. Using Eq. (1) we obtain L > ∼ 7×10 11 cm. Since the stellar radius of this star is not known, we cannot determine whether this represents a compact or a large loop.
FS Tau (XEST-11-057)
FS Tau (XEST-11-057) is a binary composed of two CTTS of spectral type M0 and M3.5. Its light curve decreases by a factor of ∼ 6 during the first 20 ks, with an e-folding timescale of 15 ± 2 ks, and then remains at a low quiescent level for the remaining 20 ks. In this case the spectra are well described by just one temperature, the low-temperature component being unconstrained due to the high absorption (N H ∼ 1 − 1.6 × 10 22 cm −2 ). The temperature does not change significantly, decreasing from 40 MK to 35 MK from the beginning to the end of the observation. On the other hand the EM decreases significantly; a small but significant decrease of the absorption is also observed. In this case, it is not possible to apply the Reale et al. (1997) method, since the rate of decrease of the temperature is too low (ζ = 0.2). Applying the formula for a freely-decaying loop we estimate an upper limit to the loop length of L ∼ 2.7×10 11 cm (∼ 4 R ⋆ ). Note that, although the peak temperature of the flare is likely higher and therefore the above upper limit is underestimated, we expect the true loop size to be much smaller because of the presence of strong sustained heating, as indicated by the shallow slope ζ.
DH Tau (XEST-15-040)
DH Tau (XEST-15-040) is a binary CTTS with a separation of 2.3 ′′ , unresolved by XMM-Newton. It shows a monotonic decay by a factor of ∼ 3 over the 30 ks exposure. As for V830 Tau, the two temperatures are steady during the decay, at ∼ 9 and ∼ 25 MK, while the two EMs decrease. In this case, contrary to V830 Tau, also the ratio EM 2 /EM 1 decreases, implying that, as time proceeds, less and less hot material contributes to the emission. This suggests that we are observing the end of a longlasting flaring event. As for the previous source, very strong sustained heating is present (ζ = 0.2), preventing the use of the Reale et al. (1997) method, and we estimate L < 4.5 × 10 11 cm ∼ 3.5 R ⋆ .
L1551 51 (XEST-22-089)
L1551 51 (XEST-22-089, WTTS) also shows a decay by a factor of 2 during the first 30 ks, then stays at a constant level for the remaining 20 ks of observation. Also for this source the temperatures do not vary, and the observed variation is due only to the changing EMs. As for DH Tau, also the EM ratio decreases, implying a decrease of the average plasma temperature, likely due to a flare decay. This source also shows very strong sustained heating (ζ = 0.16). From the decay e-folding time of 9.5 ks we estimate L < ∼ 1 × 10 11 cm, comparable to the stellar radius.
Other types of variability
The remaining three XEST sources identified with TMC members show significant variability in the form of slow modulation (DN Tau and HD 283572, Fig. 8 ) or complex flare-like variability (Hubble 4, Fig. 9 ).
DN Tau (XEST-12-040)
DN Tau (XEST-12-040, CTTS, spectral type M0) shows a modulated light curve with a higher count rate at the beginning and the end of the exposure and a minimum in the second time block; the amplitude of the modulation with respect to the mean level is ∼ 15%. The plasma parameters do not show significant variations, being consistent within the errors, although there is a tendency for higher T 2 and EM 1 in the first and last block.
HD 283572 (XEST-21-039)
HD 283572 (XEST-21-039) is a G5 WTTS with P rot = 1.55 d; the present observation, with an exposure time of ∼ 45 ks, therefore covers about one third of the rotational period. The light curve shows a clear modulation, with two characteristic levels of emission. During the first 20 ks the count rate increases slightly, then in block #4 it decreases reaching a level a factor of ∼ 1.3 lower, that is maintained until the end of the observation. The two temperatures do not vary significantly, with the cooler one staying around 8 -9 MK, and the hotter one varying between 20 and 25 MK with a trend that closely follows that of the light curve. On the other hand, the two EMs show significant varia- tions, in particular in the first part of the observation, where the cool EM decreases and the hot one increases, leading to an increase in their ratio and therefore in the relative contribution of the hotter plasma to the emission. These characteristics suggest that the observed variability is likely due to the appearing and disappearing, due to the stellar rotation, of active regions containing hotter plasma with respect to the rest of the corona.
Hubble 4 (XEST-23-056/24-047)
The light curve of Hubble 4 (XEST-23-056/24-047, WTTS, spectral type K7) shows significant low-level flare-like variability superimposed on a slow modulation. The average count rate shows a very slow decrease during the first 50 ks, then it increases by a factor of ∼ 1.5 at the beginning of block #4, and decays again slowly until the end of the observation. The two temperatures do not vary significantly, having average values of ∼ 9 MK and ∼ 20 MK, with the exception of the last block where the hot component is slightly higher. As in other sources, the variations of the two EMs are more significant, showing a modulation with time of both values, but keeping their ratio nearly constant, between 1 and 1.2. The observed slow variation of the mean count rate might be due to rotational modulation of the emission from active regions rotating in and out of view.
Sources not associated with known TMC members
In addition to the TMC members, we have studied three additional XEST sources (XEST-05-031 = HD 283810, XEST-16-031 = 2MASS J04195676+2714488, and XEST-22-024 = HD 285845) that are likely non-members of the TMC but that are strong X-ray sources and show significant variability. Their light curves and spectral parameters are shown in Figs. 10 and 11. 
HD 283810 (XEST-05-031)
XEST-05-031 is identified with HD 283810, a K5V star with Hα emission, which is probably an older foreground star since it has radial velocity inconsistent with TMC membership and does not show significant Li absorption (Herbig et al. 1986 ); assuming a main-sequence object, its photometry (V = 10.74, B − V = 1.03) locates it at a distance of ∼ 60 pc. Its light curve shows a flare at the end of the observation, with an increase of the count rate by a factor of 2.5 and an e-folding decay time of ∼ 2.4 ks. The hotter temperature rises from ∼ 9 MK during quiescence to 18 MK in block #3 and reaches a maximum value of 26 MK in block #4, after the flare peak. Both EMs increase significantly at the flare peak. Given the irregular trend of the temperature and EM, we cannot apply the Reale et al. (1997) method; using the formula for a freely-decaying loop and the observed temperature in block #3, we derive a loop semi-length of L < 3 × 10 10 cm, which is comparable to the stellar radius for a K5 main-sequence star (Siess et al. 2000) .
HD 285845 (XEST-22-024)
XEST-22-024 is identified with HD 285845, which is a foreground binary system at a distance of 90 pc; the absence of the Li absorption line at 6708 Å indicates that the system is not composed of PMS stars (Walter et al. 1988; . The mean properties of the X-ray spectrum have been discussed by , who reported a spectral fitting with a 2-T model characterized by high Ca and Ne abundances with respect to a Fe abundance around 0.26 Z ⊙ .
The light curve of this source shows a complex variability. A flare occurred at the beginning of the exposure, with a gradual rise lasting ∼ 5 ks, followed by a decay on which several minor impulses are superimposed. The initial decay just after the peak has an e-folding time of ∼ 2 ks. The emission reaches a steady level ∼ 30 ks after the peak. As observed in other sources, the cool temperature does not vary significantly during the flare evolution. The hotter temperature peaks in block #2, during the rise phase, at 40 MK, and remains steady at a level of ∼ 30 -35 MK up to block #7, when it decreases to ∼ 15 -25 MK, remaining at this level until the end of the observation. The observed light curve variations are mostly due to the EMs of both components, that vary significantly throughout the observation. Given the complexity of the light curve, it is not possible to derive the loop size by fitting the T vs EM decay. We can make a rough estimate assuming the initial decay time of 2 ks and Eq. (1), obtaining L ∼ 3 × 10 10 cm. Assuming a G6 main-sequence star, this corresponds to ∼ 0.4 R ⋆ (Siess et al. 2000) .
2MASS J04195676+2714488 (XEST-16-031)
Source XEST-16-031 has an IR counterpart in the 2MASS catalogue, 2MASS J04195676+2714488, located at ∼ 0.2 ′′ and with magnitudes J = 12.38, H = 11.80 and K = 11.54 mag; another fainter 2MASS source is present at 4.6 ′′ , however the Xray source is most likely associated with the former one, given the accuracy of the XEST positions (see Güdel et al. 2006a; Scelsi et al. 2006) . 2MASS J04195676+2714488 has photometry inconsistent with TMC membership, being located on the main sequence in the colour-magnitude diagrams for the distance of the TMC (Scelsi et al. 2006) , and is therefore likely to be a field late-type star. The uncertainties in the photometry allow a distance between 80 and 190 pc for a main sequence star.
During the first 23 ks, the source was in a quiescent state with very low emission. Unfortunately in this part of the observation (blocks #1 to 3) the background was very high and dominating the observed count rate (see Fig. 11 ), preventing the possibility of performing spectral analysis. In block #4, ∼ 24 ks after the Fig. 1 . Right: Evolution of the best-fit temperature and EM of the hot component. See Fig. 2 for details. The slope has been fitted between points #10 and #14. The slope during the decay of the first small flare (points #4 and #5) is also indicated. start of the observation, a flare occurred, followed by a second much stronger flare 7 ks later. The first flare has a peak count rate a factor of ∼ 5 higher than the quiescent level, while the second flare increases the count rate by more than one order of magnitude. The two flares have very similar decay times, with e-folding times of ∼ 1.6 and 1.5 ks, respectively. This suggests that they may have occurred in loops of comparable size.
The absorption is very low, consistent with a column density N H = 1 × 10 20 cm −2 , and to better constrain the fit parameters it was kept fixed to this value. The spectrum was well fitted with only one temperature component. Since the emission during the quiescent phase is negligible with respect to the flare phase, we assume that the 1-T model is representing essentially the flaring plasma during the time blocks from #4 to #14.
The right panel of Fig. 11 shows the evolution of the temperature and the EM during the observation. In block #4, corresponding to the peak of the first, small flare, the plasma temperature is 22 MK; the temperature and EM decrease in block #5 during the flare decay, and remains steady in the following time interval. In block #7, at the start of the rise of the second flare, the temperature increases to ∼ 42 MK; a second re-heating is observed in block #9, corresponding to the flare peak, where the EM reaches its maximum value. The flare cooling phase from point #10 to point #14 proceeds with a slope ζ = 0.42±0.07, that indicates the presence of significant sustained heating after the initial ignition. It is worth noting that the slope between points #4 and #5, relative to the decay of the first small flare, has a very similar value of 0.37. Using Eq. (2) we derive L ∼ 1 × 10 9 cm for the first flare, and L ∼ 5 ± 4 × 10 9 cm for the second flare. These values are significantly smaller than those estimated for the other sources. Although the precise nature of this source cannot be assessed here, given the very low absorption we suggest that it could be an older M-type star located just in front of the cloud and showing flare events analogous to those observed on the Sun and active late-type stars.
Discussion and conclusions
In this paper we have studied a sample of 19 bright variable Xray sources detected in the XEST survey. Our sample includes 16 known TMC members (10 WTTS, 5 CTTS and a Herbig Ae star) plus three additional sources unrelated to the cloud but showing flaring events. The studied sources show different types of variability, in the form of flares, either with fast rise and slower decay or with symmetrical shapes, continuous rise or decays, slow modulation possibly due to rotation, and complex variability, with flare-like events superimposed on a slow modulation or decay. Using detailed time-resolved spectroscopy we have investigated the changes of the parameters of the emitting plasma (temperatures and emission measures) and of the hydrogen column density, and, in the case of flares, we have derived informations on the size of the involved coronal structures. The main parameters derived for the studied sources are summarized in Table 3 .
The quiescent emission has typical temperatures T 1 ∼ 4 − 10 MK and T 2 ∼ 15 − 35 MK, with EM 2 /EM 1 ∼ 0.7 − 2, consistent with the values found in other studies of young PMS stars (e.g Feigelson & Montmerle 1999; Wolk et al. 2005) . No significant difference is evident in our small sample between the spectral characteristics of CTTS and WTTS: both the ranges of the parameters and their median values are similar for the two classes. The Herbig Ae star V892 Tau has spectral characteristics very similar to those found for TTS stars, in agreement with other studies (Hamaguchi et al. 2005 ; Stelzer et al. 2006b ), supporting the suggestion that the emission might come from its cool, unresolved close companion rather than from Table 3 . Summary of the parameters derived for the XEST sources. For all sources we give the temperature of the hot component (T q ) and the luminosity (L Xq ) in the quiescent (or lowest count rate) intervals; a range is given for sources with slow modulation or complex variability. For sources showing flares or prolonged rise/decays, we also give the peak temperature (T peak ) and luminosity (L Xpeak ), the rise and/or decay e-folding timescales (τ rise and τ dec ), and the derived loop size L. (Wolk et al. 2005) , as well as for older active stars (e.g. Audard et al. 2001) . Nine of the studied sources (including two TMC nonmembers) show evident flaring activity. The flares observed on TMC members have total duration between ∼ 20 and 70 ks (∼ 5 − 20 hr), with e-folding rise timescales of ∼ 1 − 4 ks, except for the peculiar flare on V410 Tau with τ rise ∼ 20 ks, and decay timescales of ∼ 2 − 20 ks. An additional 5 sources show gradual decays over 30 -50 ks, that might represent the decay of longlasting flares, as suggested by the decreasing plasma temperature and emission measure, and one source shows a prolonged rise (with e-folding timescale of ∼ 35 ks) with spectral characteristics similar to those observed during the long rise phase of the atypical flare on V410 Tau. Unfortunately, the typical 30 -40 ks exposure times of the XEST survey introduce a bias against the detection of long-duration flares in our observations. Indeed, we detected flares with total duration of ∼ 50 − 70 ks in the archival fields having exposure times of ∼ 100 ks. It is conceivable that the sources with gradual decays were undergoing flares of similar duration or even longer, such as found in the COUP survey, where events lasting up to 3 days were observed Wolk et al. 2005) .
Spectral analysis of the flaring sources shows peak temperatures from 40 MK up to 100 MK for the strongest flares, and peak luminosities between 4 × 10 30 and 5 × 10 31 erg s −1 . On the other hand, the flares observed on the two TMC non-members show significantly shorter rise and decay times ( < ∼ 1 ks and ∼ 2 ks, respectively), and peak temperature in the range 20 -40 MK.
For four of the flaring sources (the WTTS HBC 427 and V410 Tau, the CTTS BP Tau, and the non-member 2MASS J04195676+2714488) we could perform a detailed analysis of the decay phase using the method by Reale et al. (1997) ; the method was applied also to V819 Tau, for which however only two points in the decay are available. In all these cases we find that significant residual heating must be present during the decay, governing the observed light curve evolution. For the other flaring sources, we do not have enough intervals in the decay phase to apply the method, and we could only estimate upper limits to the loop size using the formula for a freely-decaying loop. The loop size is fully constrained only for the CTTS BP Tau, which has L = 1.2 × 10 11 cm, comparable to the stellar radius, and for the WTTS HBC 427, which has L = 2.4 × 10 11 cm corresponding to ∼ 2 R ⋆ ; the latter star has the longest decay time, and hence the longest loop size, among the sources for which the entire flare evolution is observed. The other TMC members have loop lengths in the range 4 − 7 × 10 10 cm, smaller than or comparable to the stellar radius. For the sources with continuous decay, only one (HQ Tau) has a steep slope, compatible with a freely-decaying loop with no additional heating after the initial ignition; for this star we find L ∼ 7 × 10 11 cm. The other four sources have upper limits between 1 − 5 × 10 11 cm, comparable to the stellar radius for the two WTTS, but equal to ∼ 4 R ⋆ for the two CTTS (FS Tau and DH Tau). Finally, for the TMC non-members we find loop sizes in the range 1 × 10 9 − 3 × 10 10 cm. We mention that flare characteristics similar to those found here for TMC members are observed also for the CTTS SU Aur (XEST-26-067, Franciosini et al. 2007) , that showed three flares during the observation with rise and decay times of ∼ 6 ks and ∼ 5 -9 ks, respectively, and peak temperatures of ∼ 50 -140 MK. The data do not allow a detailed flare analysis, however using the parameters reported by Franciosini et al. (2007) we derive upper limits to the loop semi-length of ∼ 1.1−1.8×10 11 cm, comparable to the stellar radius.
Previous observations of PMS stars have shown the presence of compact flaring structures, with L < ∼ R ⋆ , similar to what is observed in active late-type stars (Favata et al. 2001; Grosso et al. 2004; Giardino et al. 2006; Güdel et al. 2004; Reale et al. 2004 ). Favata et al. (2005) analyzed a sample of strong flares detected in the COUP survey, finding both compact structures, of size shorter than a stellar radius, and very extended structures, with lenghts of 5 − 20 R ⋆ . Such long structures possibly represent magnetic loops connecting the stellar surface with the circumstellar disk. Our sample shows generally loops of size comparable to or smaller than the stellar radius: the longest loop with a fully constrained size is about 2 stellar radii in length, which is compatible with a loop anchored on the stellar surface. We stress that this loop has been observed on a WTTS, that should not possess a circumstellar disk, and that a similar loop size (∼ 1.6 R ⋆ ) has been found also on the WTTS V827 Tau by Giardino et al. (2006) . A possible hint for large loops of size ∼ 4 R ⋆ is found for the two CTTS with long-lasting decays, suggesting that these stars might have indeed loops connecting the star and the disk; however the estimated size is highly uncertain, since we are observing only a small part of the decay, therefore we cannot draw any definitive conclusion on the size of the emitting structures.
Finally, we have studied two sources showing possible rotational modulation with amplitudes of ∼ 15%, and two other sources (one unrelated to the TMC) with flare-like variability superimposed on a slow modulation or on a flare decay. Except for the last case, we do not find significant variations in the plasma temperatures, and the observed variability is mainly determined by variations of the emission measures. Table 2 . Best fit values of the spectral model parameters. Errors are 90% confidence ranges for one interesting parameter; where errors are not given, the parameter was held fixed to the tabulated value. F X and L X are the unabsorbed X-ray flux and luminosity in the 0.3-7.3 keV band. L X is computed from F X assuming a distance of 140 pc for all stars, except for HD 283810 and HD 285845, where we used the photometric distance of 60 and 90 pc, respectively. Note that for J04195676+27 (XEST-16-031) the reported luminosity must be considered only indicative, since the true distance of this star is not known. 
